Summary. Protein changes in epididymal and ejaculated spermatozoa were studied in bulls treated orally on alternate days with a total of 10 doses (each of 4 mg/kg body weight) of ethylene dibromide. No significant changes were found in the total nitrogen, amino acid or lipoprotein contents of the spermatozoa collected either from the epididymis 1 day after the last dose, or from ejaculates 9-13 days after the end of the treatment. Significant changes were found in the percentage composition of amino acids of the sperm proteins and lipoproteins but the changes differed in the caput, cauda and ejaculated spermatozoa.
Introduction
Ethylene dibromide (EDB), which is employed as a fumigant for grain insect control, causes abnor¬ malities of spermatozoa in the epididymis and the testis (Amir & Volcani, 1965 ;  Amir & Ben David, 1973) when fed or peritesticularly injected to bulls. The mechanism of action of this compound has not been studied, although Amir (1973) suggested that its action on spermatozoa was indirect through the secretions of the testis and epididymis. In the present study, therefore, the effect of administration of EDB to bulls on the total nitrogen, lipoproteins and amino acids of epididymal and ejaculated spermatozoa was investigated.
Materials and Methods
Ten Israeli Friesian bulls, maintained on a roughage and concentrates ration, were used. Seven ani¬ mals were 15-18 months old ('young' bulls) and weighed between 350 and 450 kg, and three were 4i-5i years old and weighed between 950 and 1050 kg ('old' bulls). Four of the 7 young animals and the 3 old bulls were treated orally with 10 doses, each containing 4 mg EDB/kg body weight. The EDB was diluted in olive oil to a concentration of 200 mg/ml and given in gelatine capsules with a ball-gun on alternate days. The three remaining young bulls served as controls and were given 10 doses of 7-9 ml oil in the same way and frequency as the treated animals.
The 7 young bulls were castrated or slaughtered 1 day after the last oral dose of EDB or oil. Spermatozoa were collected from the caput and cauda epididymidis by puncturing the tubules and inserting an haematocrit capillary tube. The spermatozoa were separated from the epididymal secre¬ tions, blood and epithelial cells by centrifuging with phthalate ester mixtures of appropriate specific gravity as described by Lavon, Volcani & Danon (1968) , and resuspended in distilled water. The sperm concentration of the suspension was measured with a Klett-Summerson colorimeter.
Semen was collected twice a week from the 3 old bulls throughout the experiment-10 ejaculates from each of 2 bulls and 9 ejaculates from the third animal. After measuring the sperm concentration, the spermatozoa were separated from the seminal plasma by centrifugation, at 10,000 g for 15 min, resuspended in distilled water and, after discarding the water by a second similar centrifugation, re¬ suspended in 2-3 ml distilled water. The sperm samples were freeze-dried, and the dried spermatozoa were weighed.
Sperm smears were prepared from epididymal and ejaculated spermatozoa before the centrifuga¬ tion procedure. The smears were stained with Giemsa and at least 400 spermatozoa were randomly observed on each slide under an oil immersion objective (x 1000). The number of spermatozoa with head malformations was recorded.
Nitrogen was measured by the method of Johnson (1941) . Lipoproteins were extracted twice with 001 N-NaOH during 48 hr at 4°C and measured by the method of Lowry, Rosebrough, Farr & Randall (1951) . Amino acids were examined in a Technicon TSM-1 amino acid analyser after hydroly¬ sis of the freeze-dried spermatozoa and sperm extracts with 6 N-HC1 during 22 hr at 100°Cinanitrogen
atmosphere. The results were calculated as µg/108 spermatozoa and as the relative contribution (%) of the amino acids to the composition of the sperm proteins. For the ejaculated spermatozoa the re¬ sults of the examinations of 2 ejaculates from each of the 3 old bulls were used, one collected 0-3 days before the start of the treatment and the second collected 9-13 days after the last oral dose.
The results were subjected to analysis by Student's t test for independent or paired samples for the data from different animals (epididymal spermatozoa) or for the data from the same bulls (ejaculated spermatozoa), respectively.
Results
The microscopical examinations of the sperm smears, prepared from the epididymal spermatozoa collected 1 day after the last oral dose of ethylene dibromide, revealed that in one of the young treated bulls there were 70 % and 15 % of spermatozoa with abnormally shaped heads in the caput and cauda epididymidis, respectively, but the values for the other 3 young bulls were similar to those of the con¬ trol animals (4-9 %). In contrast, the ejaculates of the 3 old bulls collected 6-9 days after the end of the treatment contained 100% spermatozoa with misshapen heads, and by 9-13 days after the end of treatment, most of them showed degenerative changes, a result similar to that reported by Amir (1975) . t One day after the last oral dose. t 9-13 days after the last oral dose. § No significant changes were found for any other amino acids.
The amino acid composition of the proteins of spermatozoa from the epididymis and the ejacu¬ lates was changed, but the changes were significant only for the % of isoleucine and tyrosine in the caput spermatozoa, of arginine and glycine in the cauda spermatozoa, and of proline in the ejacu¬ lated spermatozoa (Table 2) . Treatment with EDB caused significant changes in the relative concen¬ tration of some of the amino acids in the lipoproteins (Table 2 ) only in the ejaculated spermatozoa; there was an increase in the % of half-cystine and tyrosine and a decrease in the % of threonine, serine, glutamic acid and isoleucine.
Discussion
The mean duration of epididymal transit of spermatozoa in the bull is 11 days (Orgebin-Crist, 1962) . It was therefore expected that at the time of castration in the present study the sperm population of the caput epididymidis and some of the spermatozoa in the cauda epididymidis would show a degree of damage similar to that observed in spermatozoa ejaculated about 10 days after the end of the treatment. It would appear, however, that, in addition to the individual differences in the time of re¬ lease of abnormal spermatozoa from the testis into the epididymis and in the duration of epididymal transit (Amir, 1975) , the affected testicular spermatozoa may undergo further damage during the passage through the genital tract of the treated bulls.
The decrease in the weight of the ejaculated spermatozoa ( The changes caused by the treatment to the amino acid composition of the proteins and lipopro¬ teins were few and were different for caput, cauda and ejaculated spermatozoa. It can tentatively be assumed that the chromatin-lysis of the affected ejaculated spermatozoa observed with the electron microscope (Amir & Ben David, 1973) was caused by disturbance in the normal amino acid sequence of the basic proteins (Coelingh et al., 1972) during spermiogenesis, rather than to changes in the quantity of these amino acids, and by the damage caused during their passage through the epididymis.
The nuclear basic proteins of bull spermatozoa contain a relatively large number of cysteine resi¬ dues (Coelingh et al., 1972) , of which a large proportion is present as SH groups (Marushige & Marushige, 1975) . Ethylene dibromide is known to couple in vitro and in vivo with thiol groups (Nachtomi, 1970) . By eventual coupling of EDB with the thiol groups of the cysteine residues of sperm histones, the normal binding of the protein molecule to the DNA (Wilkins, 1956 ; cited by Mann, 1964) could be disturbed, resulting in improper packing of the chromatin (Gledhill, Darzynkiewicz & Ringertz, 1971) and in prevention of the cross-linkage of the nucleoproteins for the progressive stabilization of the DNA in the epididymis (Calvin & Bedford, 1971 ; Monesi, 1973) . Hence, normal spermatozoa affected by EDB after they enter the epididymis would arrive in the ejaculates carrying abnormalities of epididymal origin (Amir & Ben David, 1973) , while the abnormal testicular spermatozoa would suffer further damage during their passage through the male genital tract up to complete degeneration or disintegration (Amir & Volcani, 1965; Amir, 1975) .
